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Abstract 


Introduction. The speed rise of railway transport and an increase in the loads on the axles of wheelsets necessitate the 
modernization of the existing fleet. Scientific studies in the field of rolling stock dynamics are aimed at taking into account 
the oscillatory processes that occur during the movement of railway vehicles in a traditional design. The attachment of 
supplementary elements was considered at the coupling level of two cars and the attachment of a third trolley in the center 
of gravity of the railway platform. The scientific literature has not paid enough attention to the construction of 
mathematical models that make it possible to assess the dynamic states of such constructive solutions. The objective of 
this study is to create a method for evaluating the dynamic conditions of a car. The situation is considered when an 
additional set of mass-inertial and elastic elements is introduced into its structure, and the general dynamic condition of 
the vehicle depends on the adjustment of their parameters. 

Materials and Methods. The basic research tool is the structural mathematical modeling, which is based on an approach 
where the source design scheme is a mechanical oscillatory system in the form of a solid body on elastic supports with 
supplementary typical elements introduced into its structure. The dynamic analogue of the calculation scheme used is the 
block diagram of the automatic control system, the use of which provides detailing the connections between typical elastic 
and mass-inertia elements. 

Results. A method for estimating the dynamic states of railway vehicles is proposed. It is based on the construction of 
mathematical models, taking into account the introduction of an additional structure of mass-inertia and elastic elements. 
The impact of additional parameters on the dynamic condition of the vehicle is investigated. Analytical relations have 
been obtained that provide reducing the dynamic loads on the major structural elastic elements when changing the 
corresponding parameters of a technical object. The transfer function of interpartial relations is given, which provides 
controlling the interaction between the coordinates of the vehicle movement under the action of two kinematic 
disturbances of the in-phase type. 

Discussion and Conclusion. The generated mathematical model provides for assessment, monitoring and control of the 
dynamic state of the vehicle under conditions of kinematic disturbances. The research results can be used to modernize 


existing vehicles and create new ones with improved dynamics. 
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AHHOTanHa 

Beedenue. Yaenuuenne ckopoctei TBWKeHHA 2%Kee3HOAOPOXKHOTO TpaHciopTa MW MOBbIMeHHe Harpy30K Ha OcH 
KOJICCHBIX Tap OOYcuaBIMBaIOT HEOOXOAMMOCTb MOJepHH3alHH CyujecTByromjero mapKa. HayyHble uccreqoBaHHA 
B OOaCTH JHHAMHKH MOABYWKHOTO COCTaBa HalipaBJIeHbl Ha yYEeT KOeOaTeMbHBIX MPOWeCcoB, BOZSHHKAIOWIMX IIpu 
JBWOKCHHM %Kee3HOLOPOXKHBIX TPaHCHOPTHBIX CpeACTB B TpayMUMOHHOM KOHCTpyKTHBHOM HcnomHeHuH. IIpuco- 
C2 MHEHHe JOMOUHUTCIBHBIX 3JICEMCHTOB PaCCMaTPHBAJIOCh Ha YPOBHE CIeIKH JBYX BarOHOB H IIpHcoeqMHeHHH Tpe- 
Tbe TEMOKKU B WEHTpe THKECTH %*Kee3HOMOpOXKHON maTpopMpt. [locrpoeHuto MaTeMaTHYeCKHX MOJeeH, 103BO- 
JIAIOUIMX OLWCHUTh WHHAMMYeCKHe COCTOAHHA TAKHX KOHCTPYKTHBHBIX pelieHHi, B Hay4HOH WMTepatype He yeueHoO 
ocTaTOuHO BHUMaHHA. Llenb JaHHOrO HCceOBAaHHuA — CO3aTb METOA OWCHKH AMHAMH4eCKHX COCTOAHHH BaroHa. 
PaccmaTpuBaeTca CHTYala, KOra B ErO CTPyKTypy BBOAMTCA JOMOIHUTeIbHaA COBOKYMHOCTb Macc-HHepUMOHHBIX 
MW YIpyrux 9ICMCHTOB, IIpH¥eM OT KOPpeKTHPOBKM UX MapaMeTPOB 3aBHCHT OOUIee WHHaMMYecKOe COCTOAHHE 
TPaHCIOPTHOTO CcpeCTBa. 

Mamepuaavi u memoooi. ba30BbIM HHCTPyMCHTOM IIpoBeACHHA HCCIEOBaHHH ABJIAeTCA CTPYKTYpHOe MaTeMaTH- 
YeCKOe MOJCIMPOBAaHHe, B OCHOBE KOTOPOLO JIeKUT NOAXOA, Kora UCKOAHAaA pacueTHad CXeMa IIpecTaBIAeT COOOH 
MeXaHHyeckKylo KOJIeOaTeIbHy!IO CHCTeMy B Bue TBEPAOrO Tella Ha yIpyrux onopax C AOMONHUTeIbHOM BBe]EeH- 
HBIMH B e€ CTPyKTYpy THMOBbIMH 3IeMeHTaMH. J[MHAaMH4eCKHM aHaIOrOM HCIOb3YeMOM pacueTHOHM CXeMBI ABJIA- 
eTCA CTpyKTYpHasd CXeMa CHCTeMbI AaBTOMATHYCCKOTO ypaBICHHA, IPHMeHeEHHe KOTOPOM MO3BOsIAeT WeTaIM3upo- 
BaTb CBA3H Me2KAY THIOBLIMH YIIPyrHMH MW MacC-HHepIHOHHBIMH 3JIEMeHTaMH. 

Pe3zyiavmamot ucciedosanua. WpeynoxKeH MeTOA OWCHKM AHHAMMYCCKHX COCTOAHHM 2KeIIe3HOMOPOXKHBIX TpaHc- 
TIOPTHBIX CpeJCTB, OCHOBaHHBIM Ha MOCTPOCHHH MaTeMaTHYeCKHX MOJeeH, C YHeTOM BBECHHA JOMOMHUTeIbHOM 
CTpyKTypbI Macc-HHepIMOHHBIX HW yupyrux semMeHToB. UccneqoBaHo BIMAHHE JOMNONHUTCIBHBIX TapaMeTpoB Ha 
JMHaMHYeCKOe COCTOAHHE TpaHcnopTHoro cpeycTBa. Tlosy4eHbl aHasyIMTHYeCKNe COOTHOMEHHA, MO3BOIAIOMNe pu 
VM3MCHCHHH COOTBETCTBYIONHX HapaMeTpoB TEXHHYeCKOTO OOBEKTA CHH3UTb JMHAMMYeCKHe Harpy3KH Ha OCHOBHBIC 
KOHCTPyKTHBHbIe yipyrnve 91eMeHTHI. IIpuBpeyena nepeqaTouHad PYHKUNA MexXKMapUMaIbHbIX CBA3ZCH, MO3BOIIAIO- 
Wad KOHTPOJMpOBaTbh B3aHMOeCHCTBHe MEXKAY KOOPAMHATaMHM ABMXKCHHA TpaHCHOpTHOro cpeACTBa pH AelicTBUU 
TByX KHHeMaTH4eCKHX BOSMyIeHH CHHa3Horo TMA. 

O6cyotcoenue u 3akniouenue. CcpopMupoBaHHad MaTeMaTHYeCKad MOJCJIb MO3ZBOACT OLCHHTh JHHAMUYECKOE CO- 
CTOAHHE 2Kee3HOAOPOXHOTO TpaHCHOpTHOTO CpeACTBa B YCNOBHAX eMCTBUA KMHEMATHYeCKHX BO3MyMeHuH. Pe- 
3YJIbTATbI HCCICOBaHHM MOTYT ObITb IpHMeHEHE! IPH MOAepHH3alHu CYLWIECTBYIOIWIMX M CO3{aHHH HOBBIX TpaHc- 


TIOPTHBIX CpeCTB C yalyuleHHori WMHaMUKOH. 


Ksro"ueBble C10Ba: AWHAaMHKa TpaHCiopTHbBlx CpeACTB, THHAMUYCCKOC COCTOAHHE, CTPYKTYPHOe MaTeCMaTHYeCKOe 


MOJeIMpOBaHne, CTpyKTypHaa cxema 
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Introduction. The expansion of technical-and-economic ties at the interregional level, providing the growth of the 
country's industrial engineering potential, and maintaining the growing system of international trade and commercial 
relations largely depends and relies on rail transport [1]. The rail traffic volume is constantly increasing. This drives 
the need to take into account the perverse effects of increased dynamic loads [2], which directly affect the reliability 
of operation of both rolling stock and the track structure. Despite such negative factors, it is necessary to fulfill the 
planned indicators, which include an increase in the service speed, compliance with weight and length standards for 
trains, increasing axle load to 30 tons or more. This reflects the real demands of the development of the Russian 
economy and stimulates the creation of new more powerful locomotives, the renewal of the fleet of rolling stock, and 
the modernization of track facilities [3]. At the same time, the possibility of negative consequences of the 
intensification of transportation processes should also be considered. One of the major issues is the increase in the rate 
of wear of the track structure with the corresponding resulting difficulties [4]. 

Currently, particular attention is being paid to the development of a methodology for assessing the dynamic 
condition of rolling stock, the interaction of technical means and rail tracks, energy savings, and improving the 
reliability and safety of transportation processes. The mathematical modeling methodology is described, e.g., in [5]. 
At the same time, there are other possibilities for finding rational solutions [6]. It is important to pay attention to the 
modernization of the existing fleet of freight wagons, whose operation is no longer effective under increased loads [7]. 
One of the approaches that could be adopted for the development is the concept of installing an additional two-axle 
bogie for freight 4ax wagons [8]. In this case, we can expect a more uniform distribution of the load on the track 
structure, as well as the possibility of increasing the weight of the transported goods while maintaining the regulations 
for axial load values within 22 tons [9]. The unevenness of the wheel-rail contact parameters initiates the oscillatory 
movements of the car, which in turn forms the oscillatory movements of the car body. The oscillation process is also 
formed by the conditions of interaction of wagons inside the train [10]. In this case, dynamic restraint forces occur, 
superimposing on the static components of the overall reaction, which can significantly increase the level of dynamic 
interactions in the wheel-rail contact [11, 12]. However, the possibilities of structural mathematical modeling in 
assessing the dynamic states of railway vehicles with the introduction of additional links have not yet been given 
enough attention. Therefore, the objective of this study is to form a method for evaluating the dynamic states of a 
railway vehicle when introducing an additional set of mass-inertial and elastic elements into its structure, the correction 
of the parameters of which would affect the overall dynamic state of the vehicle. 

Materials and Methods. The methodological basis of the research is the structural theory of vibration isolation 
systems, which provides for the accurate assessment of the dynamic properties of a railway vehicle in a linear 
formulation, taking into account concentrated parameters and small oscillations relative to the position of static 
equilibrium or a steady-state process. The design scheme is a mechanical vibratory system with dynamic equivalent in 
the form of a block diagram of an automatic control system. This makes it possible to detail the connections between 
the elements of the vehicle, as well as to use methods characteristic of the theory of automatic control (transfer 
functions, transformations of structural circuits, convolution and simplification, frequency characteristics) [13]. 

Standard design schemes of freight railway vehicles are described by well-known calculation schemes, and their 
dynamic features can be estimated using linear calculation schemes. The article considers a railway vehicle in the form 
of a four-axle freight wagon designed for the transportation of heavy goods such as coal, ore, sand, rolled metal, 


small-sized metal structures, etc. (Fig. 1). 
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Fig. 1. Schematic diagram of a four-axle freight wagon 


The structure of the presented railway vehicle contains a body with mass M and moment of inertia J. It is based on 
two four-wheel bogies, conventionally represented as a set of mass-inertial and elastic elements. The dynamic features of 
the system under consideration show the excessive impact on the structural elements of the bogies of the railway vehicle. 
In this regard, to improve its dynamic properties, a third two-axle truck is additionally introduced into the suspension 


structure, which is located in the center of the wagon (Fig. 2). 


J 
_d 


ame 


Fig. 2. Schematic diagram of a six-axle freight car 


With a car's own weight of about 23 tons, and an axial load of 22 tons, this can provide an increase in the weight 
of transported goods by approximately 20 tons, i.e., significantly increase the efficiency of transportation processes 
without creating excessive dynamic loads on the track structure (TS). The practical implementation of the proposed 
approach requires the modernization of the design of a standard wagon. The modernization consists in creating an 
additional bogie attachment unit to reduce the load on the axle of a freight wagon by introducing an additional two- 
axle track. The upgrading of the attachment unit is carried out in the same structural and technical forms as the fastening 
using pins in two “standard” two-axle bogies, i.e., through the installation of over- and underpin bolsters with the 
corresponding standard-type pin assembly. 

The proposed method of increasing the efficiency of using four-axle freight cars under conditions of additional 
loads is aimed at solving the problem of increasing the load on the axle of the wheelset to 30 tons, and speeding up the 
trains. This is achieved through upgrading a typical freight car by installing an additional two-axle bogie with an 
appropriate device that provides conditions for its dynamic interaction with the frame structure of the freight car. 

The installation of an additional two-axle bogie by redistributing the load between a common set of wheelsets 
provides the possibility of transporting heavy loads while reducing the load on the axle. This maintains better operating 
conditions for the track and the superstructure while maintaining an acceptable length of the train. 

It is assumed that the pin assembly has an elastic rubber gasket that provides cushioning for the interaction of the 
bogie and the frame of the wagon body. At the same time, it is not supposed to upgrade the wheels of the wheelsets. 
Only the form of wiring of the elements of the “regular” pneumatic braking system and the configuration of the supply 


of pneumatic pipelines are changed. 
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Research Results. The design scheme of the considered railway vehicle in the first approximation can be 
represented as a mechanical oscillatory system consisting of a solid body with mass m and moment of inertia J, based 


on three elastic elements with stiffness k1, ko, k2. Kinematic effects are represented by in-phase harmonic functions of 


the same frequency (Fig. 3). 


Yo M,J 


Fig. 3. Design scheme of a railway vehicle 


under kinematic disturbance (z1, z2, Zo) 


The center of mass of the system — point O is located at distances /; and /, from the ends of the solid (points A1, B1). 
The element with stiffness ko is fixed at points D and Dj; distance OD, is indicated as /9. The movement of the system is 


considered in coordinates y1, y2 and yo, @, associated with a fixed basis. The calculations use the following ratios: 


Yo =a +by,,b=c(y, VWiyeN = Vo “41, V2 = Vo tld, 
l, l, 1 (1) 


: c= : 
1, +1, [+l L+L 


Vp =Vo thd, a= 


Lagrange formalism is used to derive differential equations of motion [14], which requires the construction of 


expressions for kinetic and potential energies. In this case, we have: 


T= m(ay\ +by3)° +Je*(ys-yi)’, (2) 


1 1 1 
M=Sh (91-21) +>40(¥0 -20) +5 ha (¥2-22) (3) 


Note that potential energy (3) can also be written as: 


1 1 1 
II me (1 ~z,)’ +S (¥2 =z) oa [ay + by, +1yc(y> ~y)-29] = 


1 2 1 2 1 2 4) 
su (1 —2,) #78 (2 —Z2) 7 [ay +Diy2 —zo| 5 
where a; = a—loc, b} = b + he. 
The system of equations of motion in coordinates y, y2 in the time domain takes the form: 
VW (ma? 4 Je”) + a (x, + ka? )-y3 ( fe? —mab) + Vokayb, = kz, +koayzZo, (5) 
V5 (mb? + Je?) + y (ks +kob? ) -y, ide? —mab) + Vykoayby =kyZ. +k ob Zo. (6) 


After applying the Laplace integral transformations under zero initial conditions [15], the system of equations (5), (6) 
can be represented in the operator form: 


yy [ (ma? + Je?) p? +k, + koa |-F [ (4? —mab) p? — koayby | = k,Z, +koa,Z, (7) 
J, [ (mb? + Je?) p? +k + kyb? |- 7, [ (4? —mab) p? — kyayby | = kyZ, tkybiZp, (8) 


where p = j@ — complex variable (7 = V—1 ), indicator <—> above the variable means its Laplace image [5]. 
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On the basis of (7), (8), in accordance with the provisions of the method of structural mathematical modeling [5], a 
structural mathematical model in the form of a block diagram is constructed, which is dynamically equivalent to an 


automatic control system (Fig. 4). 


(Jc? — Mab) p* — k,a,b, 


1 1 
2 2 

_M = > 
(Ma? + Jc’) p* +k, +kga; We aH) NathP, (Mb? + Jc”) p* + ky + kody ie 

Z, Yi Z 

k, < + | k, le 2 

29 z, 
ka <—_— = ha 


Fig. 4. Structural mathematical model of a railway vehicle 


Discussion and Conclusion. The feature of the system is that it has two partial blocks, each of which determines the 


corresponding partial frequencies: 


k, + koa? 

2 Lt Koa) 

= ——| > 9 

ie ma? + Jc? 0) 
2 

oe ky + kobj (10) 


° mb? + Jc?” 
which, in turn, determine the boundaries of the location of the natural oscillation frequencies of the system as a whole: 
Dicos <i <NZ <O5e06, (11) 
where @1c06, ®2cos — natural oscillation frequencies of the system. When operating on them, resonant modes may occur. 


Among the features of the system there are several simultaneously acting external disturbances. Assuming, for the 


sake of simplification, that Z; =Z, =Z) (quite acceptable at the stages of preliminary dynamic estimates), we consider 
that force factors act on the input of the first and second partial blocks: 

O, =7(k, +koa,), (12) 

QO, =7(k, + kod, ). (13) 

Using the block diagram in Figure 4, we write down the expressions for the transfer functions, assuming that there is 


a relationship between the external perturbation factors formed by the ratio: 


0, =0, QO, =a, (14) 
W(p)=2= (ke, +koay)| (mb? + Je?) p? + ky + kob? |+0(ky + kobs)| (Je? mab) p? ~ hoa] a 
Z A(p) 
Ws(p)= Ya 7 a(k, + kb) | (ma? +Jc?) p? +k, + kya? | +(k, + kya;)| (Je? —mab) p? hoards] iss 
Z A(p) 
where 
A(p)= [ (ma? +Je?) p? +k, + kya? || (mb? +Je?) p? +k, + kop? | -[(ve? ~mab) p? — koayby | (17) 


is the frequency characteristic equation of the system. 
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The numerator of the transfer functions in expressions (15), (16) determines the modes of dynamic vibration damping, 


which can be detailed from the equations obtained by “zeroing” numerators (15), (16): 


ae (A, + kos )( ea + ko? )— a1 (ey + obs /koandy figs 
me (ky + kay )(mb? + Je? ) + o1 (ky + kobi)(Je? —mab)’ 


ee (Ks + Koby )( ki + koa? )— a1 (ky + koa) oad, 6) 
a (kik + hob, )(ma? + Je?) + (kyky + koa )( Je? — mab) 


It follows from expressions (18), (19) that in a system with two degrees of freedom, in the presence of two 
interconnected disturbing factors, dynamic vibration damping modes at two frequencies may occur, whose parameters 
depend on the values of connectivity coefficient a. This coefficient can take negative, positive and zero values. 

The analysis of the structural mathematical model (Fig. 4) also implies the possibility of a special dynamic mode at 
the frequency: 

kya,b 
one = 3p (20) 
when the partial blocks get the possibility of disconnection. In this case, the system (Fig. 3) splits into two autonomous 
blocks, which do not create situations of interaction of partial structures. 

The implementation of this mode can cause a significant difference in the values of deviations at points A; and B), and 
a “spread” of values of the dynamic reactions at points 41, B, and D,. The determination of dynamic reactions at points 
A, B and D can be implemented according to the methodology described in [14], in which the dynamic reaction is defined 
as the product of a dynamic displacement (e.g., points 41, B; and D)) by the value of the reduced dynamic stiffness. 


For coordinate y,, the dynamic offset is determined from the expression for transfer function (15), and for 
coordinate y, — from expression (16). The frequency characteristic equation is used to determine the reduced 
dynamic stiffness (17): 


(4? —mab) p? —kyayby | 


kya*a, 


Kwi(p) =A, + _ : (21) 
pi (P)= hs (mb? + Jc?) p? +k, +kobp (mb? +Jc?) p? +k, + kobe 
Similarly, the value of the reduced dynamic stiffness in coordinate yz can be found: 
2 
; | ; kob2b, [ (ve? —mab) p? — kyayby | 22) 
Ty Pp = + = . 
ep ' (ma? + Jc?) p? +k, +koa? (ma? + Jc?) p? +k, + kya? 


To determine the specific values Kept ( p) and Kenpo ( P); it is necessary to find the value of frequency w*, which is 


determined from the condition that y, / y, =1. More generally, it is assumed that: 
22 ay, (23) 


where y — coefficient of connectivity of the movement of elements by coordinates y, and y,. Thus, this coefficient 
(for the case y=1) can be written as: 
- a(k, + koby)| (ma? + Je) p? +k, +kga? ] +(k,+ koa,)| (Je? - mab) p? — koayby | 


= (24) 
Wn (k, + koa,)| (mb? + Je?) p? +k + kob? |+a(k, +koby)| (Je? —mab) p? — koayby | 


Taking specific values y, it is possible to find the oscillation frequencies for the motion of the object in question in 


coordinates y, and y,. Specifically, at y = 1, the frequency of translational vertical vibrations of a solid is determined 


from the expression: 
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———————— aes] 


Fy _ ake + koi (dy + koa? )— (ki + koa kab; + (ki + koa) koarby - 
yi (ky +k ob, )(ma? + Je?) +(k; + kya, )( Je — mab) - 

—(K, + kya, )(ko + kobe) — (hea + Kobi )(dr + koa?) + 01(ky + kod: Koad, 
—(k, + koa ) (mb? + Jc? ) —a(ky +kob )( Je? - mab) 


2 


@ 
(25) 


Frequency @ of in-phase harmonic disturbances z;(f), z2(¢) and zo(t) provides the motion of a solid body at » = 0, 


L.e., ¥j =V2 =p. For other values y (y 4 1), y,; and y, are determined, and on their basis, for geometric reasons, 
value Vp is determined. For a solid body with known y, and y,, the position of the center of rotation (or oscillations) 


can be easily found [12]. 


The dynamic constraint reactions R Ale R pz and R p1 can be found in the first approximation by the formulas: 
Ra =hy,, Ray =k,yo, Rp =kYp. 
In general, dynamic reactions are determined using dynamic displacements y,, y., Vp, that are defined by 
expressions (15), (16). As for the dynamic displacement at point D, expression yp =a,y,+b,¥2 is used, whose 


parameters are determined by the above values. In expressions (15), (16), data on the connectivity of force factors of 
influence (parameter a) can be entered. To obtain specific data on the values of dynamic reactions, frequency 


parameters are introduced at which the ratio of oscillation amplitudes y, and y, is implemented through the 


coefficient of coupling of oscillation amplitudes y. 

The overall restraint force at points A, B and D is determined by the sum of two components: static and dynamic. The 
static component can be found from the expression for the transfer functions of dynamic reactions at p = 0 and setting the 
parameters of the static load (weight of the wagon and the cargo being transported). With the intensive development of 


oscillatory processes, when fluctuations in coordinates ¥,, ¥7, Vp increase, the overall reaction can vary significantly and 


differ from the static restraint force. In the presence of a dynamic component, the overall reaction can take on various 
values, in particular, zero or negative. 

The mathematical model formed within the framework of the proposed method is indicated by expression (25). It 
provides assessing the dynamic state of railway vehicles when additional connections are introduced into their structure 
to form a set of recommendations for obtaining stable modes of operation. The investigation of the features of the system 
using approaches typical of structural mathematical modeling allows us to consider in detail the connections between the 
elements. With regard to the technical object in question, this makes it possible to adjust the dynamic state of the technical 
object, based on varying the parameters of the set of additionally introduced elements, to reduce the load on the main 
parts of the suspension, as well as to establish the presence of natural frequencies and frequencies of dynamic vibration 
damping in the system. 

In the future, it is planned to conduct research on the introduction of dampers and motion conversion devices into the 
structure of the vehicle to assess the possibilities of structural mathematical modeling. Another interesting area is the 
assessment of the possibilities of changing dynamic reactions depending on external actions, which will allow us to assess 


the efforts exerted on various elements of the vehicle suspension. 


References 

1. Kossov VS, Knyazev DA, Krasyukov NF, Makhutov NA, Gadenin MM. Regulatory Framework for Ensuring the 
Safe Operation of Railway Equipment Based on the Service Life of Load-Bearing Structures. World of Transport and 
Transportation. 2023;21(3):106—114. https://doi.org/10.30932/1992-3252-2023-21-3-10 

2. Makhutov NA, Lapidus BM, Gadenin MM, Titov EYu. Tasks and Prospects for the Development of Scientific 
Research within the Framework of Cooperation between JSC “Russian Railways” and the Russian Academy of Sciences. 


Zheleznodorozhnyi transport. 2023;(7):6—11. (In Russ.). 


Advanced Engineering Research (Rostov-on-Don). 2024;24(2):125-134. eISSN 2687-1653 


3. Lapidus BM. Tasks of Advanced Development of Russian Railways. Zheleznodorozhnyi transport. 
2023;(2):4—-14. (In Russ.). 

4. Kolesnikov VI, Migal YuF, Kolesnikov IV, Sitrev AP, Voropaev AP. Increasing the Wear Resistance of Heavily 
Loaded Tribosystems by Forming the Structure and Properties of Their Contact Surfaces. Nauka Yuga Rossii (Science in 
the South Russia). 2022;18(4):59-65. (In Russ.). 

5. Eliseev SV, Eliseev AV, Bolshakov RS, Khomenko AP. Methodology of System Analysis in Problems of 
Assessment, Formation and Control of the Dynamic State of Technological and Transport Machines. Moscow: “Nauka” 
Publ. House; 2021. 679 p. (In Russ.). 

6. Romen YuS, Belgorodtseva TM, Dediaev MV. Condition of Wagon Wheels and Axles and Interaction Forces in 
the “Crew — Track” System. Transport of Russian Federation. 2021;95(4):36—40. 

7. Savoskin AN, Romen YuS, Akashev MG. A Useful Random Process of Acting Lateral Forces between a Wheel 
and Rail and Its Probabilistic Characteristics. Vestnik Mashinostroeniya. 2022;(4):14-19. 
https://doi.org/10.36652/0042-4633-2022-4-14-19 

8. Ermolenko TYu, Morozov DV, Astashkov NP. Influence of Longitudinal Loads on Traffic Safety When Operating 
on Mountain Passway Sections. Vestnik RGUPS, Rostov State Transport University. 2021;82(2):104-111. 
https://doi.org/10.46973/0201-727X_2021 2 104 

9. Buldaev AS, Khishektueva IKhD, Anakhin VD, Dambaev ZhG. On One Method for Solving the Problem of 
Identifying Dynamic Systems. Bulletin of Buryat State University. Mathematics, Informatics. 2020;(4):14—25. 
https://doi.org/10.18101/2304-5728-2020-4-14-25 

10. Buldaev AS. Projection Perturbation Methods in Optimization Problems of Controlled Systems. Bulletin of Irkutsk 
State University. Series: Mathematics. 2014;(8):29-43. 

11. Mizhidon AD, Khamkhanov AK. A Hybrid System of Differential Equations Describing a Rigid Body Attached 
to Two Elastic Rods. Bulletin of Buryat State University. Mathematics, Informatics. 2022;(4):38-47. 
https://doi.org/10.18101/2304-5728-2022-4-38-47 

12. Eliseev AV, Mironov AS, Eliseev SV. Formation of Mathematical Models of Vibration Interactions of Elements 


of Technical Means of Transport and Technological Purposes. Proceedings of Voronezh State University. Series: Systems 
Analysis and Information Technologies. 2022;(1):32—42. https://doi.org/10.17308/sait.2022.1/9199 
13. Eliseev AV, Kuznetsov NK, Eliseev SV. New Approaches to the Estimation of Dynamic Properties of 


Vibrational Structures: Frequency Functions and Connectivity of Movements. Trudy MAI. 2021;(120):08. 
https://doi.org/10.34759/trd-2021-120-08 
14. Eliseev AV, Kuznetsov NK. The Concept of a Generalized Lever in Assessing the Dynamic States of Mechanical 


Oscillatory Systems under Conditions of Connected Vibration Loads. Systems. Methods. Technologies. 2023;59(3):7-12. 
https://doi.org/10.18324/2077-5415-2023-3-7-12 
15. Kashuba VB, Bolshakov RS, Mozalevskaya AK, Nguyen Huynh Duc. Identification of Ties Responses between 


Vibroprotection Systems Elements on Base of Structural Transformation Method. In: Proc. XV All-Russian Sci.-Tech. 


Conference with International Participation “Mechanical Engineers to XXI Century”. Bratsk: BrSU; 2016. P. 295-300. 


About the Authors: 
Roman S. Bolshakov, Cand.Sci. (Eng.), Associate Professor of the Operational Work Management Department, Irkutsk State 
Transport University (15, Chernyshevskogo Str., Irkutsk, 664074, Russian Federation), SPIN-code: 6214-3569, ORCID, 


ScopusID, bolshakov_rs@mail.ru 


Valery E. Gozbenko, Dr.Sci. (Eng.), Professor of the Mathematics Department, Irkutsk State Transport University 
(15, Chernyshevskogo Str., Irkutsk, 664074, Russian Federation), SPIN-code: 4307-8922, ORCID, ScopusID, 


vgozbenko@yandex.ru 


Mechanics 


133 


https://vestnik-donstu.ru 


134 


Bolshakov RS, et al. Assessment of Dynamic States of Railway Vehicles: Structural Mathematical Modeling 


Vuong Quang Truc, postgraduate of the Department of Physics, Mechanics and Instrumentation, Irkutsk State 


Transport University (15, Chernyshevskogo St., Irkutsk, 664074, Russian Federation), SPIN-code: 6214-3569, ORCID, 


ScopusID, trucvg1990@gmail.com 


O6 aemopax: 

Poman Cepreesuy bowbmakos, KaHquyaT TeXHHYCCKHX HayK, JOWeCHT KacbepE! yipaBIeHHA IKCIUIyaTallMOHHOM 
padotoH VUpxytckoro rocyqapcTBeHHOrO yHuBepcuTeta yTeli cooOmeHua (664074, Poccniicxaa Mexyeparua, 
r. Upxytck, yn. UepHsmuescxoro, 15), SPIN-Koy: 2025-4049, ORCID, ScopusID, bolshakov_rs@mail.ru 


Banepuiti Epodeesuy To36enko, WoKTOp TexHMueckHx Hayk, Upodeccop Kadeszppl MaTemMaTuKu MpxytcKoro 
TrocyfapcTBeHHOrTO YyHHBepcHteTa wyTet coodmenua (664074, Poccniickat Wegepauua, rv. MUpxytck, 
yn. UepHsmuesckoro, 15), SPIN-Koq: 4307-8922, ORCID, ScopusID, vgozbenko@yandex.ru 


Buronr Kyanr Unik, couckatesb Kaezpbi Pu3HKU, MeXaHHKH UH WpHOopoctpoeHua UpkytcKoro rocyqapcTBeHHOTO 
yHUBepcuTeTa Wyte cooOmeHua (664074, Poccuiickaa Wenepauua, r.Upxytcx, yu. UepHpmmesckoro, 15), 


SPIN-kog: 6214-3569, ORCID, ScopusID, trucvg1990@gmail.com 


Claimed Contributorship: 
RS Bolshakov: research objective formulation, building a system of equations and block diagrams, analysis of the 


research results, formulation of the conclusion. 
EV Gozbenko: correction of the research objective, revision of the text, correction of the conclusion. 


Vuong Quang Truc: calculation analysis, creation of graphic images, text analysis and addition. 


Saaneiennoli 6K1a0 aemopos: 

P.C. Bonbmrakos: dbopMupoBaHue Wes UccieqOBaHHA, MOCTpoeHHe CHCTeMbI ypaBHeHHii HM CTPyKTypHBbIX CXeM, 
aHasIH3 pe3yIbTaTOB HccIeqOBaHHA, POPMYIMpOBaHHe 3aKIIOUCHHA. 

B.E. To36eHKo: KoppeKTUpoOBKa Iles HcceqOBaHHA, JOpadoTkKa TeKcTa, KOPpeKTHPOBKAa 3aKIIFOUCHHA. 


Buronr Kyaur Unik: npoBeyenue pacueros, co3qaHve rpapuyecknx H300paxKeHHi, aHasIM3 U JOMOHeHHe TeKCTA. 
Conflict of Interest Statement: the authors declare no conflict of interest. 

Kongsukm unmepecoe: aBrophi 3aABAAIOT 00 OTCYTCTBHM KOH@IUKTA HHTepecos. 

All authors have read and approved the final manuscript. 

Bee aemopol npowumanu u ododpunu oxonyamensnolit gapuanm pyKonucu. 


Received / Tlocrynu.ia B pexakunto 15.03.2024 
Revised / Tocrynu.ta nocae penensuposanna 10.04.2024 
Accepted / [punata k ny6smkayun 16.04.2024 


